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(54) TiUe: MODULAR MICROPROCESSOR-BASED DIAGNOSTIC MEASUREMENT APPARATUS AND METHOD FOR PSY- 
CHOLOGICAL CONDITIONS 



(57) Abstract 

A modular system for diagnostic assessment of psychologi- 
cal conditions which employs a compact microprocessor-based unit 
such as a video game. In accordance widi the invention, the mi- 
croprocessor-based unit is programmed to produce a video dis- 
play that prompts a patient or user to interactively operate one or 
more switches. Information recorded during an interactive diagnos- 
tic assessment procedure is analyzed to provide a doctor or other 
health care professional with information that is helpful to deter- 
mine whether clinical therapy and/or medication may be required. 
The disclosed embodiment of the invention relates to diagnostic as- 
sessment of Attention Deficit Hyperactivity Disorder and Attention 
Deficit Disorder with a game-like video display being used to obtain 
a measure of various neuropsychologic indicia of attention. 
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MODULAR MICROPROCESSOR-BASED DIAGNOSTIC MEASUREMENT 
APPARATUS AND METHOD FOR PSYCHOLOGICAL CONDITIONS 

Contiiming Data 

This application is a contiiniation of prior applicadon serial number 08/843,495 

S filed April 16, 1997, whidi is a file wrq>per continuation of application serial number 
08/682,385 filed July 17, 1996, now abandoned, which is a file wr^per continuation of 
prior application serial number 08/479,570 filed June 7, 1995, now abandoned, \^ch is a 
file wr^per continuation of prior application serial number 08/233,674 filed -^ril 26, 
1994, now abandoned. 

10 Field of the Invention 

TMs invention relates to apparatus and methods for diagnostic assessment of 
psychological conditions that enable a patioit or user to collect important diagnostic 
measures of psychological conditions or behavior for transmittal to and analysis by a 
health care profesdonal. 

15 Backgound of the Invention 

The traditional method of diagnosing and assessing psydiolo^cal conditions 
involves periocUc clinical sessions in which a clinician attempts to obtain insights of a 
patient's condition by conducting interviews and, in some cases, conducting tests. This 
traditional method of psychological testing and evaluation is often very lengthy and, as a 

20 result, costly. Moreover, many psycholo^cal conditions and behavior patterns are not 
eaaly diagnosed during a series of routine dimcal visits because the condition or behavior 
is ^tuation-dependent and, thus, may not be observable in a clinical setting. Further, the 
manifestations or behavior patterns of certain disorders are heterogeneous in nature, 
which complicates identification and diagnosis. Specifically, where a high degree of 

25 heterogeneity is present, standardized and normaUzed diagnostic measures intended to 
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idoitify a particular or prefored regimen of therapy oft^ do not exist Under sudi 
conditions, the identification and diagnosis of a psychological condition or behavior 
pattCT becomes very subjective, often resulting m an even larger numb^ of diagnostic 
dinical sesaons and higher costs. Lower rates of diagnostic accuracy and efficacy also 
S result 

Many people sufiferiiig from psychological disorders are unable to obtain clinical 
asastance because of the high cost of diagnosis and treatment. Further, even where cost 
is not of a m^or detment, many people lose confidence in the dinical procedure and 
cease attending dinical ses^ons diagnostic assessment becomes difficult and 

10 lengthy. Difficulties can be encountered even by patients that persevere. Between their 
periodic clinical vi^ts^ they usually are left on their own with no encouragement or 
treatment 

Advances in the various fidds of dectroiucs and tdeconmmnications have had a 
significant impact on medicd diagnostic and monitoring equipment, including the 

IS devdopment of devices that can be used in the home or other non-clinical settings. 
Recent advancement with respect to self-care health monitoring of afflictions such as 
diabetes are set forth in my co-pendmg patent application serial no. 07/977,323, filed 
November 17, 1992, which is entitled "MODULAR MICROPROCESSOR-BASED 
HEALTH MONITORING SYSTEM." 

20 Some experiments and trials have been conducted with respect to incorporating 

computers and similar dectronic equipment in arrangements for psydiplo^cd testing and 
assessment that is performed in a dinical setting. Very recently, some experiments and 
trials have been conducted in \^ch a patient uses a microprocessor device such as a 
"pabn-top computer" to record behavioral information between dinicd sessions and, in 

25 some cases, for limited therapeutic purposes. However, adoption of modem 
microprocessor and communication technology to diagnosing, monitoring or treating 
psycholo^cd disorders has not progressed at the same rate as technological advances in 
areas of medicine that relate to physiological conditions. 

There are numerous reasons why microprocessors and modem communication 

30 techniques have not been widdy applied to devices for psychological diagnoses^ 
evahiatioh or treatmoit. As previously mentioned, the behavior attadant many 
psychological disorders is situation dependent. Thus, to be usdiil, a device must be 
relatively small, rdatively easy to use and unobtrusive so that a patient or subject can use 
the device in an appropriate environment and is comfortable with using the device in that 

35 environment. Cost and efficacy are also important factors if use of the device is to resuh 
in a reduction in the professiond time and other costs associated with diagnosis and 
treatment of various psycholoj^cd conditions. 
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In order to provide a diagnostic tool that can be used in settings other than clinical 
sessions, other oiteria should be met For exanq)le, provision should be made for a 
clinician or other health care professional to easily acqdre data gathered by the diagnostic 
tool and to analyze thai data. Further, to achieve optimum utilization, the diagnostic tool 
S should be extremely v^ satile, lending itself to adaptation to the assessment of various 
psydiological conditions. Preferably, the device should be adaptable oiough to allow a 
dinidan to establish diagnostic routines suited for various species of the same general 
psychological disord^ of even for a particular nidividual. Versatility sufiBdent for use of 
the device in at least limited monitoring and therapeutic procedures is also desirable. 

10 For ail of the above reasons, a need exists for improved methods and apparatus for 

psydiological evaluation and assessm^. This is especially true with disorders such as 
depression, anxiety, schizophrenia, addiction, eating disorders, attention defidt disorders, 
attention defidt and hyperactivity disorder, and othar psychological and behavioral 
problems which are hig}ily stimuhis-dependent O e., nmy be manifested primarily or only in 

IS situations that are difficult to synthesize in a clinical environmmt). The extreme 
heterogendty of these psychological conditions has complicated diagnosis and treatment, 
a drawback that leaves many aidults and diildren with chronic conditions that are 
handicaps both from the social and economic standpoint. 

Providing reliable and accurate tests for diagno^ng psychological disord«^ in 

20 children has been a substantial problem. In particular, prevalent childhood psydiological 
disorders such as Attention Defidt Hyperactivity Disorder and Attention Defidt Disorder 
are difficult to assess because attention is a multi-construct neuropsydiological process 
that inchides sustained attention (vigilance) and sdective attention Q e., the ability to 
maintain attention in the presence of distractions and the ability to appropriately shift 

2S attention). Children with Attention Defidt Disorder and Attention Deficit and 
Hyperactivity Disorder are often impulsive, requiring a relatively high degree of 
motivation in order to complete tasks that employ cognitive skills appropriate to their 
particular age group. Moreover, currant assessment tests for Attention Deficit Disord^ 
and Attntion Defidt Hyperactivity Disordo* are rdativdy subjective, and even when 

30 effectivdy administo^ed, basically provide only an evaluation of ii^ether a cluld exhibits a 
deficit in his or her ability to focus and nuuntain attention. That is, current tests have been 
successfiil only in identifying a large heterogeneous group that exhibit the basic symptoms 
of Attention Deficit Hyperactivity Disorder. Littie success has been obtained relative to 
assessing the degree of neuropsychologic mechanism impairment. Thus, current 

35 diagnostic techniques do not identify homogeneous subgroups of children having 
Attention Deficit Hyperactivity Disorder, which is needed in order to prescribe and 
administer effective therapy. 



wo 00/06024 



PCt/US?9/I7399 



10 



IS 



20 



25 



30 



35 



Developing diagnostic and therapeutic tooU for psychological assessment and 
treatment of children is especially challenging. To obtain essential, unbiased infonnation 
for .diagnosis of Attention Deficit Hyperactivity Disorder or Attention Deficit Disorder, a 
child being tested must be at ease and must be motivated since children with these 
disoiders are easOy distracted when &ced with situations requiring continued attention 
and/or routine, relatively tedious tasks. Ifais, if cognitive tests arts employed, they must 
be appealing to younger chadren, but not leave older chfldren bored and unmotivated to 

perform wen. Othenvise, test results wiU be skewed and diagnosis made even mor« 
di£Bcuh. 

Summary of the Invention 
This invention addresses the previously discussed need for new and usefiil 
apparatus and methods for diagnostic assessment of psychological conditions, providing a 
valuable adjunct and supplementation to traditional clinical assessment. Apparatus 
arranged in accordance with the invention is ertremdy versatile, being suitable for use in 
diagnostic assessment of various psychological conditions and being especially weU suited 
for assessment of conditions tiiat affect chOdren such as Attention Deficit Disonler and 
Attention Deficit Hyperactivity Disorder. The invention also is extremely versatile in that 
it is suited for use in a clinical setting as weU as use in remote locations such as the home, 
school, or workplace. 

Basically, apparatus configured in accordance with tiie invention inchides a 
programmable microprocessor unit that is responsive to program instructions tiiat are 
supplied by an external source. In the disclosed embodiment, a receptacle is inchided in 
the programmable microprocessor-based unit for receiving an external 
CremovableTmsertable-) memory unit which inchides a digital storage medium for storing 
program instructions tiiat control operation of die programmable microprocessor-based 
unit. In otiier embodiments, tiie program instiiiction instructions can be transferred to 
memory circuits of tiie microprocessor-based unit by various digital data transmission 
qrstems and teduuques. 

The programmable microprocessor-based unit also includes circuitry for 
generating a video display in accordance witii program instructions stored in an imemal 
memory of die microprocessor-based unit and/or Uie digital storage medium of tiie 
external memory unit. H tiie operation of tiie invention, die displayed video signals 
mteractively prompt a patient or user to operate one or more switches diat are located on 
die microprocessor-based unit. Preferably, die programmable microprocessor-based unit 
also mcludes a sound generator operable for producing selected tones, single words or 
ample phrases of simulated speech, simple musical passages, and odier sounds 
appropriate to die video display during die operation of die microprocessor-based unit. 
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In the curraitly preferred embodiments of the inv^on, the microprocessor-based 
unit is a compact video game syst^ with the program instructions being provided by an 
ext^nal monory unit that corresponds to a game cartridge. The invention can employ 
either a handheld video game sudi as the conqmct video game system manu&ctured by 
S Nintendo of America Inc. under the trademaik "GAME BOY/ or less compaa video 
game systems sudi as the "SUPER NES" video game, whidi also is marketed by 
>nntendo of Ammca Inc. As is wdl knomi, handhdd video games of the type mentioned 
are unitary devices that mchide a display so-een and control switches for operating the 
video game. On the other hand, the larg^ video game systems opmit in conjunction 

10 with a television set or video monitor and consist of a console unit, which receives a game 
cartridge, and one or more controllers, which include at least a portion of the switches for 
operating the video game system. Use of either type of video game ^stcm has several 
general advantages, including the widespread availability and low cost of such systems. 
Further, such systems provide an easy-to-use, unobtrusive device that can be used dther 

IS in a clinical setting or oUtiec environment such as the home, school, or woriqplace. 
Moreover, the video display can be structured to provide motivation for a patient or user 
and, in at least some instances, the same or an additional program cartridge can provide 
appropriate educational or thenq>eutic video displays and processes. 

Use of the video game system for the programmable microprocessor-based unit of 

20 the invention is especially advantageous with children because of the popularity and 
wide^read acceptance of aU types of video games. In accordance with the invoition, 
video and audio sequences are preferably presented in game-like format with animation 
that is suitable for childrm or other sdected age groups. 

Regardless of whether a video game system is employed, the programmable 

25 microprocessor-based unit can be used to analyze the data obtained during a diagnostic 
assessment procedure. In some cases, a full analysis will be performed so that the 
information that is transmitted or returned to a clinician is in a final form. In other 
situations, partial (or even no) analysis of gathered diagnostic information is performed by 
the programmable miaoprocessorrbased unit In those dtuations, partial (or fiiU) analysis 

30 is p^ormed at the clinidan*s &dlity or, alternatively, at a &cility that gathers information 
for analysis and subsequent relay to the clinician. 

Systems that are arranged in accordance with the invention indude two 
components in addition to the above-discussed programmable microprocessor-based unit: 
(1) a programmable digital signal processor; and, (2) a communication link for allowing 

35 signal transmission between the programmable microprocessor-based uiut and the 
programmable digital signal processor. In some arrangements of the invention, the 
programmable digital signal processor is a personal computer that is located at the clinic 
or other facility of the health care profesaonal. In these arrangemoits, the programmable 
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microprocessor-based unit can be located at the dinidan's ftdUty with the conununication 
link for coupling signals b^ween the programmable mi(7oprocessor-based unit and the 
dinidan's computer being an dectrical cable that provides a RS232 communication link or 
some other digHal signal transmission arrangonent. Howem-, a primary advantage of the 
5 invention is use of the microprocessor-based umt at a location that is remote from the 
clinician's &dlity (e.g.y use between clinical sessions in an enviromn^ appropriate to 
assessment of the psydiological condition of intmst). At least two bade types of 
communication links aUow assessment of the psychologicd condition to be made at a 
subject's home or other location that is remote from the clinician's &cility. 

10 First, an RS232 send data port or other means for coupling digitd signds to the 

centrd processing unit of the clinician's persond computer can be connected to a cable 
that is adapted for receiving an extemd memory umt (e.g., memory cartridge) that is used 
with the programmable microprocessor-based unit to gather assessment data. Li sudi an 
arrangemoit, the extemd memory unit is interconnected with the clinician's computer to 

IS access stored signals that represent information gathered during a diagnostic asseffflment 
procedure that was performed eariier at a subject's home or oth^ suitable location. In 
many dtuations, the clinidan's computer will have been previously interconnected with the 
e?ctemd memory unit to allow the climdan to establish stored program instructions that 
will implement a desired diagnostic assessment procedure when the patient or user 

20 operates the nuo'oprocessor-based unit in conjunction with the memory unit. 

The second type of commumcation link that aUows the diagnostic assessment 
procedure to be conducted at a location oth^ than the dimdan's &dlity invohres the use 
of various types of dgnd transmisdon media. For example, the di^td data signd 
processor (e.g., persond computer) employed by the clinidan can include an extmid or 

25 intemd modem for receiving and transiting digitd signds via the various types of 
conventiond telephone systems. Likewise, a modem and assodated conventiond data 
management circuitry can be either included in or interconnected with the microprocessor- 
based unit to allow information gath^ed during a diagnostic assessment procedure to be 
transmitted to the clinidan for review and andyds. In some cases, it may dso be 

30 advantageous to use the data transmisdon link for remote programmmg of the us^s 
extemd memory unit, thereby permitting changes to be made in the diagnostic procedure 
of a particular patient or user without a visit to the climdan's office. 

Transmission media other than a tdephone system can be used for coupling signds 
between a clinician's digitd daU processing system and a remotely located programmable 

35 microprocessor-based unit that is used for diagnostic assessment of psychologicd 
conditions. For example, recently developed interactive audio/visud systems using 
coaxid cable or opticd fiber can be employed as well as other types of digitd networks 
that provide information services and commumcation between users. In some of these 
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arrangements, the digM data signal processor need not be located at the clinidan*s 
fecilhy. That is, the invention can be implem^ed so that the dighal signal processor is a 
clearinghouse that in effea functions as a c^itral server that is capable of functioning with 
a relativdy large number of programmable mi^oprocessor units and, in addition, capable 
S ofserving the needs ofat least several diiudans. In these arrangemrats, the clearinghouse 
digital agnal processor collects and stores diagnostic assessment information trananitted 
to the clearinghouse from any nuniber of progranunable microprocessor-based units. 
Information is then provided to the appropriate clinician or clinical &dlity by ftcamile or 
data transmission techniques. Altmiatively, the information can be printed and delivered 

10 to the i4)propriate clinidan. 

The disclosed embodiments of the invention are configured and programmed for 
diagnostic assessm^t of Attention Deficit Disorder and Attention Deficit Hyperactivity 
Disordtf . The currently preferred realizations of the cUsclosed enibodiment allow a 
clinidan to sdectivdy configinre sequences of tests ("tasks") that fill into the two basic 

IS categories: delay reaction t&aks and p^ormance-paced continuous performance tasks. 
During a dday reaction task, the programmable microprocessor-based unit operates to 
first generate an audible and/or visual warning signal to al^ the user that the 
microprocessor-based unit will soon produce an audio, visual, or audiovisual target 
stimulus. When the target stimulus is produced, the user or patient responds by activating 

20 a s^tch or control of the microprocessor-used unit. Preferably, the time between the 
warning stimuhis and the target stinoilus within a predetermfaied range that is sdected by 
the dinidan, with each particular time dday bdng random^ selected through 
programmed operation of the nucroprocessor-based unit. For eadi delayed reaction task, 
a signal is generated indicating whether the user reacted to the target stimulus and, if so, 

2S the time that elapsed between generation of the target stimulus and the user's operation of 
the selected switch. Collecting and storing the user's reaction times for a sequence of 
ddayed reaction tasks allows subsequ^ analysis by the system digital data processor to 
obtain information such as a record of reaction time versus time delay, the usa^s best 
(&stest) reaction time, the user's mean reaction time, and/or the standard deviation of 

30 reaction times. In some situations, it may also be advantageous to store the delayed 
reaction task information so that analysis can be p^ormed that allows the detection of 
trends such as whether the user's reaction time generally increased or decreased as the 
sequence of delayed reaction tasks progressed. Such information may indicate an increase 
or decrease in attention level with time. 

35 In the currently preferred realizations of the disclosed embodiment of the 

invention, the visual delayed reaction task includes the display of a car, the model of 
which selected by the user prior to initiation of the diagnostic procedure. The car is 
shown at a starting line with a trafiBc signal having a red, yellow, and green light being 
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prominently displayed in the foreground. Initially, the red light is illuminated, a warning 
signal is then provided to the user by iUuminating the yellow light and, when the 
microprocessor-selected time delay has elapsed, the grera hght is illuminated to provide 
the target stimuli. In the currmtly preferred realizations of the disclosed embodimoits of 
5 the invention, the words "ready ... set ... go" are synthesized by the sound generator of 
the microprocessor-based unit. 

During the continuous performance tasks, the system user observes the system 
display while target stimuli pass across it. The object is for the uso* to activate a switch 
or control of the microprocessor-based unit when target stimuli are at a predetermined 

10 location on the display. For example, in the currently prefored realizations of the 
disclosed embodiments of the invention, the previously mentioned car is displayed so that 
it appears to be passing by trees that are located along the side of a road. The target 
stimulus is a specified type of fiuit (e.g., an orange, apple, lemon, or cluster of grapes) on 
the tree. The objert is for the user to activate the switdi or control of the 

IS microprocessor-based unit when a predetermined stimuhis appears (e.g., an apple). When 
the switch or control is activated a hand and arm move upwardly trom the car and, if the 
switch is timely activated, the fiuit is captured. Whoi the user correctly identifies and 
captures a target stimulus, the time interval between appearance of target stimuli is 
decreased by a predetermined amoimt. On the other hand, if the user does not properly 

20 respond to a target stimulus, the time interval between target stimuli is increased. 

During the conduction of a sequence of continuous performance tasks, 
information is recorded to reflect the number of target stimuli correct^ identified, the 
number of target stimuH missed, the number of req>onses to non-targ^ stimuli, the 
mmiber of correct, but delayed, responses, and the final intmtimulus time interval. 

25 Audio continuous performance tasks are also provided wherein the user is to 

respond to certain audio signals while ignoring others. For example, in the currwitly 
preferred realizations of the disclosed embodiments, the car shown on the system display 
unit is passing along a dark road with a small portion of the road passing under the car's 
headlights. A low firequency "radar beep" is sounded for each non-target stimulus, and a 

30 high fi-equency radar beep is sounded to represent the target stimuhis. Although the 
display is relatively dark, the bases of the trees can be seen and when the user properly 
responds to a target stimuhis, a hand swings upwardly from the car to catch the fiuit! 

The battery of tests provided by the currently preferred embodiments of the 
invention also include continuous performance tasks with various distractions. For 

35 example, in the above-discussed realization in which the user activates a switch or control 
of the microprocessor-based unit to catch a predetermined type of fruit as a car passes 
across the system display, moving objects such as hopping frogs, fluttering butterflies, and 
flying saucers are periodically and randomly displayed. In the audio continuous 
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perfonnance tadcs, the distractions consist of synthe^zed speech such as "Now!" or 
"Go!.*' During sequ^ces of continuous p^ormance tasks that indude distractions, the 
number of distractions that cause user reaction are recorded as well as the information 
recorded during continuous performance task sequences that do not include distractions. 
5 Brief DescaiDtion of the Drawing s 

The foregoing aspects and many of the attendant advantages of this invention will 
become more readily appreciated as the same becomes better und^ood by reference to 
the foQowing detailed description, when taken in conjunction with the accompanying 
drawings, wherein: 

10 FIGURE 1 is a block diagram that illustrates a psydiological diagnostic 

measurement system of this invention, depicting microprocessor-based patient units 
coimected in signal communication with a clinician's computer system and/or a 
clearinghouse for collection and analysis of diagnostic data originating ^th a large 
number of patient uiuts; 

IS FIGURE 2 is a block diagram illustrating in greater detail the ba^c structure of a 

microprocessor-based patient unit and a digital signal processor of a type that can be used 
within a clearinghouse or be used as a clinician's computer, 

FIGURE 3 iUustrates a graphic display suitable for use when a microprocessor- 
based patient unit administers a delayed reaction tests in an embodiment of the invention 

20 that is configured for diagnostic measurements relating to Attention Deficit Hyperactivity 
Disorder or Attention Deficit Disorder, 

FIGURE 4 illustrates a graphic display suitable for use whm a microprocessor- 
based patient unit administers continuous performance tests in an onbodiment of the 
invention that is configured and programmed for diagnostic measurement rdating to 

25 Attention Deficit Hyperactivity Disorder and Attention Deficit Disorder, 

FIGURE 5 ilhistrates a graphic display suitable for use when a microprocessor- 
based patient unit administers continuous performance tests that also include visual 
distractions in an embodiment of the invention that is configured and programmed for 
diagnostic measurement relative to Attention Deficit Hyperactivity Disorder and Attention 

30 Deficit Disorder; 

FIGURES 6-11 are sequence diagrams that illustrate operation of a clinician's 
computer during periods of time in which the computer is used to establi^ a battery of 
tests to be administered by the microprocessor-based unit; is used to supply program 
instructions to the microprocessor-based unit that will resuk in the desired psychological 

35 diagnostic testing; and, is used to retrieve diagnostic measurements obtained by the 
microprocessor-based unit during the administration of the diagnostic test. 
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Detailed Description of the Preferred ErnhnHimpnt 
HGURE 1 illustrates one embodiment of a diagnostic measurement system 
configured in accordance with the invention. The depicted embodiment includes a 
programmable microprocessor-based unit 10 that inchides a receptacle for receiving an 

5 eternal memory unit 12, which can be easily inserted and removed fiom microprocessor- 
based unit 10. Removable memory unit 12 inchidet a digital storage medium for storing 
program instructions that control the operation of microprocessor-based unH 10 and. in 
addition, allows storage of diagnostic test information that Is generated during operation 
of microprocessor-based unit 10 for diagnostic assessment of a psychological condition. 
10 Various storage media known to those sldUed in the art can be used as the digital 

storage medium of external memory unit 12. For example, conventional read-only 
memory (ROM) can be employed for storage of program instructions that are not changed 
or altered when external memory 12 is reconfigured for a dififerent patient or reconfigured 
for measurements relating to a different type of psychological condition. OpticaUy 
scanned memory such as currently available compact disc memory can also be employed. 
In addition, various types of erasable read-only memory and random access memory 
(RAM) having a battery back-up can be used to provide a storage medium for program 
instructions that may be changed when external memory 12 is configured for use with a 
diflFerent patient or for the diagnostic assessment of die diflferem psychological condition. 
Erasable read-only memory or battery backed-up RAM also can be used for storage of 
information gathered when microprocessor-based unit 10 is operated to gatiier diagnostic 
measurement information that relates to one or more psychological conditions. 
Moreover, in newly developmg technologies such as audioAddeo interactive television and 
networks for digital communications program instructions can be transmitted to 
25 mio-oprocessor-based unit 10 and stored in random access memory. 

As is indicated in nOURE 1, microprocessor-based unit 10 is interconnected witii 
an audio/visual display unit 14. During operation of tiie invention for diagnostic 
assessment of psychological conditions, microprocessor-based unit 10 generates audio 
and video signals tiut are presented to the patient or system user by audioAosual display 
30 unit 14. The audio/visual presentation is controUed by program instructions that are either 
stored in external memory 12 or are otherwise suppfied to microprocessor-based unit 10. 
In Uie disclosed embodiments, tiie visual presentation is structured to eUdt responses from 
tiie user of microprocessor-based unit 10 (e.g., a patient or research subject) tint provide 
tiiat diagnostic measures relating to a particular psychological condition. In tiiat regard, 
35 tiie embodiments disclosed herein are arranged for diagnostic assessment of Attention 
Deficit Hyperactivity Disorder and Attention Deficit Disorder. Upon understanding tiie 
operation of tiie invention and tiie various manners in which it can be configured, it will be 
recognized tiiat tiie invention can be used in tiie diagnoses of various otiier psychological 
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conditions and behavior pattons, including anxiety disorders, depression, schizophrenia, 
addiction, and weight control/eating disorders. 

A primary advantage of the invention is the ability to conduct a diagnostic 
assessment procedure in an environmoit other than the office of a dinidan or other health 
5 care fecility. This particular aspect of the invention can be important with respect to 
diagnosing psychological conditions that are highly situation-dependoit Further, since it 
is not necessary for a clinician to be present when a diagnostic assessment procedure is 
executed, the costs of diagnoses and treatment is reduced. For example, during a clinical 
session, a clinician can instruct a patient or subject in the use of the invention for 

10 diagnostic assessmait of a particular psychological condition. The patient or user then 
uses microprocessor-based unit 10, a suitably programmed external memory 12, and an 
audio/visual display unit 14 betwera clinical sessions to gather appropriate diagnostic 
measurements while the subject is in suitable environmental surroundings (e.g., at home, 
school, or the workplace). Information gathered during the diagnostic assessment is then 

1 5 made available to the clinician for consideration and analysis. 

There are two basic ways in which information that relates to the results of the 
diagnostic assessment can be conveyed to a clinician or other person who serves as an 
administrator for the conduction of the diagnostic assessment. These same techniques are 
enq>loyed for establishing the diagnostic procedure (i.e., storing suitable program 

20 instructions in external memory 12). The first tcdmique for transferring test results or 
programmirig mioroprocessor-based unit 10 (c.g., external memory unit 12) involves data 
transmission between microprocessor-based unit 10 and a remotely located clinician's 
ofiBce (or other health care facility) or, alternatively, a remotely located fedlity that stores 
the information for subsequent analysis and transmission to the clinician. In the second 

25 technique, miCToprocessor-based unit 10 (or extOTial memory unit 12) is phyacally 
transferred between the site at which the diagnostic assessment is made and the clinician's 
baSty or other remote location. 

With respect to the first information transfer technique, FIGURE 1 schematically 
illustrates arrangement of the invention for ronote exchange of data and information 

30 between a miCToprocessor-based unit 10 and rither a remotely located clinician 16, or a 
clearinghouse 18. Li such an arrangement, clearinghouse 18 includes one or more digital 
signal processors and associated peripheral equipment (e.g., printers, signal storage media, 
fecsimile facilities) sufficient for gathering diagnostic measurement information fi-om a 
relatively large number of microprocessor-based diagnostic tools (represented by 

35 microprocessor-based unit number 1 and microprocessor-based unit number 2 of 
HGURE 1). A communication link 20 is shown in nOURE 1 between clearinghouse 18 
and the dinidan's remote location 16 to indicate transfer of mformation electronically or 
by other signal transmisaon means, Spedfically, data and information can be transferred 
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electronically between clearinghouse 18 and a clinidan by various conventional data 
transmission systems, including those implemented through telephony, transmission of 
radio frequency signals, modulated coherent light, etc. As is indicated in FIGURE 1, the 
signals sent by clearinghouse 18 to the clinician's facility 16 can be coupled to devices 
S such as the clinidan's computer 22 and/or the dinidan's fecfflmile madiine 24. Signals 
transmitted to the clinician's conq>uter22 can be stored with or without additional 
processing. In the same regard, analytical signal procesang of the diagnostic assessment 
data gathered by mioroprocessor-based unit can be performed at various stages of 
information transmission between patient and clinidan. For example, data processing can 

10 be performed in miCToprocessor-based unit 10, the clinician's computer 22, 
clearinghouse 18 and/or the hereinafter described data managanent unit 28. In any case, 
when the diagnostic information is transmitted to the clinidan's fadlity, it can be displayed 
on a display unit of the clinidan's computer 22 (not shown in FIGURE 1); printed by a 
printer 26 that is connected to computer 22; or processed by other devices that are 

1 S peripheral to the dmidan's computer 22. 

With continued reference to the embodiment of the inv^on shown in 
FIGURE 1, signals representative of information gathered during a diagnostic assessment 
procedure (and other signals appropriate to system operation) are coupled to (or from) 
clearinghouse 18 and microprocessor-based diagnostic unit 10 via a data management 

20 unit 28 and a commuiucation link 30. Like communication link 20, which provides signal 
transfer between dearinghouse 18 and the clinician's ftdltty 16, conmiunication link 30 
can be of several different types. In some instances, conununication link 30 will be a 
signal path established by a tdephone system. Altemativdy, RF signal transmission can 
be employed. Communication link 30 also can be established through the use of 

25 specialized digital networks, including recently developed interactive audio/video systems 
such as those operated in conjunction with cable television. 

In the arrangement of FIGURE 1, each depirted data management unit 28 is 
interconnected with its associated microprocessor-based unit 10 by a cable 32 that 
includes dectrical conductors for carrying signals between the two units. In each 

30 arrangement of this inv^on, data management unit 28 provides the signal processing that 
is necessary for inter&dng microprocessor-based unit 10 with communications link 30 
and/or a communications link 34. Conununications link 34 provides for transmisaon of 
signals between microprocessor-based unit 10 and the clinician's remote location 16 (e.g., 
coupling of signals to and from the cliriician's computer 22). Like the previously 

35 discussed conununication links 20 and 30, commimication link 34 can be realized in a 
variety of ways. 

Because of the wide range of communication Imks 30 and 34 that are available for 
practice of the invention, data management 28 will take on various forms and 
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configurations. For example, in an arrangonent of the invention in viiich conmninications 
link 30 and/or 34 is a signal path established by a conventional tdephone system, data 
management unit 28 will indude a modwn and will operate to perform the signal 
processing necessary to transmit information to clearinghouse 18 and/or the clinician's 
5 remote location 16. In some arrang^^ts of the invention, the signal processing required 
for modem data transmission wiD be unplemoited by a microprocessor unit that is 
incorporated in data managem^ unit 28. In olh& situations, the mi^oprocessor of 
miCToprocessor-based unit 10 can be employed to perform the agnal procesdng necessary 
for modem signal transmission. Similarly, the hardware assodated with modm 

10 transmisaon (e.g., telephone line connection) can be included in data management unit 28 
or incorporated in microprocessor-based unit 10. 

FIGURE 1 also indicates one manner in which the invention can be employed for 
remote administration of diagnostic assessment of psychological conditions without the 
need for data management imit 28 and communication links 30 and 34. In particular, in 

15 the arrangement of HGURE 1, an external memory unit 12 can be ins^ed in a 
receptacle 38 that electrically connecte external memory unit 12 to the dinidah's 
computer 22 via a cable 36. With an external monory 12 connected in this manner, a 
clinician or other administrator of the diagnostic assessment to be performed can operate 
computer 22 to store program instructions appropriate for the diagnostic procedure in an 

20 external manory unit 12. The programmed external memory unit 12 can be given to a 
patient or subject at the end of a clinical session or transmitted to the patient or subject by 
other ^propriate means. The patient or subject can subsequently insert the programmed 
external memory unit 12 in a microprocessor-based unit 10 that is located at the patimt's 
home or some other location at which the diagnostic procedure will be executed. Signals 

25 representative of the diagnostic information gathered during the procedure are stored in 
external memory unit 12 when microprocessor unit 10 implements the diagnostic 
assessment procedure. External memory unit 12 is then returned to the clinician, inserted 
into receptacle 38 and the clinician's computer 22 is used to retrieve the diagnostic 
information stored in the external mmory unit 12. In situations in v4iich program 

30 instructions and diagnostic resuhs are stored internally in microprocessor-based unit 10 
O e., without use of an cxtmial memory urut 12), the entire microprocessor-based unit can 
be taken to the cluiidan's office. Infonnation rdating to diagnostic assessment results can 
then be unloaded to the clinidan's computer 22 and, if desired, program instructions can 
be downloaded to the microprocessor-based unit 10 for administering fiirther diagnostic 

35 assessment. 

As also is shown in FIGURE 1, in most applications of the invaition, an additional 
microprocessor-based unit 10 and audio/visual display unit 14 will be located at the 
dinidan's office or other facility. In the arrangement shown in HGURE 1, the additional 
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microprocessor-based unit 10 is directly connected to the clinician's computer 22 by an 
electrical cable 40 to allow signal transmission between the microprocessor-based unit and 
compute* 22. Providing a mi^oprocessor-based unit 10 and audio/visual display unit 14 
at the clinician's location allows a patient or subject to be instructed in the use of the 
5 system and also allows the administration of diagnostic assessment procedures at the 
clinician's facility, if deared. 

FIGURE 2 dq)icts a more detailed block diagram of a microprocessor-based 
unit .10 that can be employed in the practice of the invention and an associated 
audioAisual display unit 14. Also shown in FIGURE 2 is a basic block diagram of a 

10 ranotely located digital signal processing system 42 which typifies the arrangement of 
clearinghouse 18 and computer 22 of FIGURE 1. 

As is mdicated in FIGURE 2, signals supplied by one or more control switches 44 
are coupled to a microprocessor 46 of microprocessor-based unit 10 via an input/output 
circuit 48. Also interconnected with input/output unit 48 of microprocessor-based unit 10 

IS is an external modmi SO, which serves as data management unit 48 (FIGURE 1) for the 
depicted arrangement. Ahhough not indicated in FIGURE 2, it wiil be understood by 
those skilled in the art that int^connections such as the connection shown between 
microprocessor 46 and input/output unit 48, generally include a data, address, and control 
bus. 

20 \Wth continued ref^ence to microprocessor-based unit 10 of FIGURE 2, the 

depicted microprocessor 46 is interconnected with the receptacle that receives an extmal 
memory unit 12 so that mim>processor 46 can access program instructions stored in 
external memory unit 12 and store diagnostic assessmrat results in external memory 12. 
As previously mentioned, program instructions can be provided to a 

25 microprocessor-based unit 10 via a digital signal communications system, instead of an 
external memory unit 12. In such arrangements, digital signals supplied by a system such 
as cable television or a digital communications can be coupled to microporcessor 46 via 
input/output unit 48 or other conventional signal proces^ng arrangements. 

Li the arrangement of FIGURE 2, a random access memory S2 is intercormected 

30 with and is used by microprocessor 46 to implement a desired diagnostic assessment 
procedure and perform any deared analysis of the gathered diagnostic data. In addition, 
random access memory 52 can be used for storing program instructions that are supplied 
to an embodiment of the invention that does not employ an external memory unit 12 ^.e., 
an embodiment in which program instructions are supplied via a digital signal 

35 conununications system). A clock circuit 54 is provided to allow microprocessor 46 to 
store date and time signals in situations in which date and time tags are to be included 
with the gathered diagnostic data. Although not specifically shown in FIGURE 2, 
nucroprocessor-based unit 10 generally includes an internal read-only memory for storing 
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various program instructions and data that are not unique to a particular diagnostic 
assessment procedure or otho* application for the microprocessor-based unit 10. 

The audioAdsual display unit 14 that is shown in FIGURE 2 corresponds to a 
video momtor that includes a display screen 56, control circuitry 58, and a speaker 60, In 
5 an arrangement of this type, nucroprocessor 46 of microprocessor-based umt 10 controls 
the operation of a sound g«^or62 and ^deo drcuits64 in accordance with the 
program instructions stored in external memory 12. A display random access memory 66 
is used to store and format video signals which are coupled to display screen 56 of 
audioAasual display unit 14. Mu^c, synthesized speech, and other sounds generated by 

10 sound generator 62 are coupled to speako- 60. Control circuit 58 includes the circuitry 
necessary for adjusting volume and display quality as well as the circuitry for driving the 
display scre^ In oth^ arrangements, a tele^asion set may be used as audioAdsual display 
unit 14, with mio-oprocessor-based unit 10 supplying an appropriate modulated rf agnal 
or bdng connected to the television set video and audio inpats. 

15 It will be recognized by those of ordinary skill in the art that a diagnostic tool that 

corresponds to microprocessor-based unit 10 of FIGURES 1 and 2 can be easily realized 
using conventional microprocessor design techniques and components. It also will be 
recognized that various commercially available devices can be adopted for use as a 
microprocessor-based unit 10 of this invention. In that regard, in the currently preferred 

20 embodim^tts of the invention, the microprocessor-based unit 10 is a compact video game 
system, with extenud mmiory umt 12 bdng configured to correspond to the type of game 
cartridge that is used with that particular video game system. In some arrangements of 
the invention, a handheld video game system such as the compact video game systm 
marketed by Nintendo of America Inc. under the trademark "GAME BOY" can be used 

25 to realize, in unitary form, microprocessor-based unit 10, audio/visual display unit 14, and 
control switches 44 of the arrangement shown in FIGURE 2. In other applications of the 
invention, a less compaa video game system sudi as the "SUPER NINTENDO 
ENTERTAINMENT SYSTEM" or "NES" video game is used. In those ^tuations, 
control smtches 44 correspond to the video game controller and audio/visual display 

30 unit 14 is a conventional television set or video monitor. The less compact video game 
systems often are advantageous because the external memory unit (game cartridge) has 
greater memory capacity than the corresponding memory of handheld units; the 
microprocessor has superior processing capability; and relativdy high-quality sound and 
grsy)hics can be achieved. 

35 Regardless of the type employed, there are many advantages to using a video 

game system in the practice of the invention. Of prime importance, video game systems 
enjoy widespread popularity and, hence, low cost. In many cases, the user of a diagnostic 
assessment system that is constructed in accordance with the invention may already own 
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or have access to a video game system. In addition, video game systwns are single to 
use. Therefore, littie time is required for instructing a patient or other systwn user in how 
to operate the system for performance of a particular diagnostic assessment. Even 
fiirth^, adapting a video game system for use with the mvoidon provides a convenient 

5 way for realizing diagnostic assessmmt procedures that are presented in game-like format 
with animation or other graphics that provide motivation for all age groups while 
gathering needed diagnostic data. The cumulative ^ect is achievment of an unobtrusive 
test and diagnosis arrangement that is acceptable to patients and other subjects and can be 
used in many environments. 

10 Referring again to FIGURE 2, it can be recognized that the depicted remotely 

located digital signal proces^g imit 42 corresponds to a wide range of con^utational 
arrangements, including the dinidan's computer 22 of FIGUKE 1 and the previously 
discussed, more complex, clearinghouse 18 of FIGURE 1. In the arrangement depicted in 
FIGURE 2, a user inter&ce70 is connected in signal conmiunication with a central 

IS processor unit 72 via a decoder drcuit 74. Random access memory 76 and read-only 
mmory 78 are accessed by central processor unit 72 of digital rignal processing unit 42 
during ^ecution of the various programs and procedures used in carrying out the 
invention. An input/output unit 80 acts under the direction of central processor unit 72 to 
provide signals to a facsimile unit 24 and printer 26. As also is indicated in FIGURE 2, 

20 signals can be provided to central processor unit 72 via input/output unit 80 by a 
modem 82. In the arrangement shown, a communication link 84 int^coimects modon 82 
with modem SO to thereby allow the depicted digital »gnal processing system to receive 
(tiagnostic test information from the depicted microprocessor-based unit 10. As also is 
indicated, input/output unit 80 is coimected to a receptacle 38, which as was described 

2S relative to FIGURE 1, allows the digital data processing system to access storage 
addresses within an external memory unit 12 that is connected to receptacle 38. As shall 
be described in more detail, an administration program that is executable by digital signal 
processing unit 42 includes a program module that allows program instnictiohs to be 
stored in an extonal memory uiut 12 to establish a dedred (fiagnostic assessment 

30 procedure. Execution of anotho* module of the administration program by digital signal 
procesang unit 42 allows the retrieval of diagnostic test data stored in external memory 
unit 12 when a diagnostic assessment procedure was conducted (i.e., when a patient or 
user executed a diagnostic procedure in accordance with the procedure). 

The currently preferred embodiments of the invention utilize a microprocessor- 

35 based unit 10 that corresponds to the previously mentioned SUPER NINTENDO 
ENTERTAINMENT SYSTEM, with the invention being realized for diagnostic 
assessment of Attention Deficit Disorder and Attmtioh Deficit Hyperactivity Disorder. In 
the current realization of the invention, program instructions for a battery of separate tests 
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that assess various aspects of a juvenfle's attention are stored in external memory unit 12. 
Two basic types of tests are employed: tests that inchide a series of delayed reaction 
tasks and tests that include a series of continuous performance tasks. In the ddayed 
reaction tasks, programmable microprocessor-based unit 10 operates to generate an 
audible and/or visual warning signal to alert the user that the micioprocessdr-based unit 
soon win produce an audible and/or visual trigger stimuhis. When the trigger stimuhis is 
generated, the patient or user activates a designated switch or control of microprocessor- 
based unit 10 (eg., a switch or control inchided in control switches 44 of FIGURE 2). lii 
curroit practice, the clinician or other administrator of the diagnostic asse&smoit 
procedure can selea one or more audio delayed reaction tests and/one or more video 
delayed reaction tests when estabKshing a battery of tests for a particular patient or user. 
As shaD be described retative to FIGURES 6-11, the clinician establishes the battery of 
tests by executing a computer program, which also aOows the clinician or administrator to 
estabHsh the sequence in which various tests wiU be administered and, for each audio or 
15 visual delayed reaction test, select both the number of trigger stimuU to be generated and 
a time delay range. The time delay range estabUshes the upper and lower bounds of the 
delay between warning stimuli and trigger stimuU. The specific delay between a particular 
warning stimuhjs and its associated trigger stimulus is selected landomfy 1^ 
microprocessor-based unit 10 when the delayed reaction test is conducted. 
20 Each time that microprocessor-based unit 10 generates a trigger stimulus, a timer 

(e.g.. clock circuit 54 of HGURE 2) is activated. If the patient or user does not activate 
the appropriate switch or control within a predetermined time interval, a digital signal is 
stored indicating a fiulure to respond. On the other hand, if the patient or user responds, a 
digital signal is stored indicating the user's reaction time (ue., ths time period between tiie 
25 occurrence of a trigger stimulus and the patient's reaction). Since a series of delayed 
reaction tasks is used in each audio or visual delayed reaction test, tiie stored dau tiiat are 
accumulated during tiie diagnostic assessment wiU allow later analysis to determine 
various measures tiiat relate to tiie patient's degree of attention. For example, measures 
tiiat can be important inchide tiie user's fastest reaction time, his or her mean reaction 
30 time, and tiie standard deviation of reaction times. Li addition, tiie difference between tiie 
results for audio and visual delayed reaction tasks may also be considered. For example, 
young chfldren tend to respond more quickly to audio trigger stimuU tiian video trigger 
StimuU. Thus, the relationship between the results of audio and video delayed reaction 
tests for a patient may provide some insight as to tiiat patient's relative deficit or 
35 devdopment of both auditory and visual attention skiUs. 

In tiie currentiy prefored realizations of embodiments for use in diagnostic 
assessment of Attention Deficit Hyperactivity Disorder and Attention Deficit Disorder, 
extOTial memory unit 12 is programmed to cause microprocessor unit 10 to generate a 
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display of the type shown in simplified form in FIGURE 4. In the display of FIGURE 4, a 
car 90 is positioned at a starting line 92 on a roadway or racetrack 94. A trafiBc ^gnal 96, 
having a red light 98, an amber light 100, and a green light 102, is prommently displayed. 
As each visual delayed reaction task is genoBted, mio-oprocessor-based unit 10 causes 

S sequential iDuminadon of red light 98, amber light 100, and green light 102. Amber 
light 100 serves as the warning stimulus, with green light 102 providing a trigger stimulus 
after a randomly generated time dday that is within the time delay range that was 
established when the visual delayed reaction test being executed was establi^ed by the 
clinician or the administrator having control over the diagnostic testing. 

10 During the audio delayed reaction tests, the three lights of traffic light 100 in 

FIGURE 3 are extinguished and program instructions that are stored in external memory 
unit 12 result in generation of suitable audio warning and trigger stimuli by sound 
generator 62 of FIGURE 2. In arrangraents having suffidem memory and sound 
generation capability, the words "ready ... set ... go" are used, with the time interval 

IS between "set** and "go" being a random value witUn the range of values selected when a 
clinidan established the diagnostic procedure. Two tones that are dearly distinct firom 
one another also can be used for the warning and trigga* stimuli. 

The currently preferred realizations of embodiments of the invention that are 
directed to diagnostic assessment of Attention Defidt Hyperactivity Disorder and 

20 Attention Defidt Disorder provide for both visual and audible continuous performance 
tests. In each test a sequence or senes of events occurs for v^ch the patient or user is to 
respond by activating a predetermined switch or control such as the control switches 44 in 
the arrangement of FIGURE 2. The continuous performance test used in the currentiy 
preferred embodiments of the invention are performance-paced in that the interstimulus 

25 stimuhis interval (i.e., the time that dapses between consecutive stimuli) is reduced by a 
predetermined amoimt each time a correct response is made and is increased by the same 
or a different predetermined amount if an improper response occurs Q.e., the user 
responds to a non-target stimulus or fidls to respond to a target stimulus). 

The video cfisplay for the continuous performance tests of the currentiy prefmed 

30 embodiments is indicated in FIGURE4. In FIGURE 4, the car90 tiiat is used in the 
above-discussed delayed reaction tests is shown travding along a roadway 94. 
Periodically, the car 90 approaches a tree 104, which is positioned along side roadway 94. 
As car 90 approaches a tree 104, various types of fnni (oranges, apples, lemons, and 
grapes) will appear, han^g downwardly fi*om a branch of the tree. The object is for the 

35 patient or user to respond to a specified type of fiiiit only (e.g., apple 106 in FIGURE 4) 
by depressing a selected switch such as one of the switches of control switches 44 in 
FIGURE 2. When the appropriate switch is pressed, a hand and arm extend upwardly 
firom car 90 to capture the fiuit. As previously noted, with each correct response, the 
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interstimulus interval is decreased (i.e., the car 90 appears to travel at a higher rate of 
speed) and with each incorrect response or &ilure to respond^ the into^tiniulus interval is 
increased (car 90 appears to travel slowa^). 

In the audio continuous performance tests of the referenced realizations of the 
S invention, the display shows car 90 travding at night, with only a portion of roadway 94 
beiiig iDuminated by the car's headSghts. Each time the car approaches a daricened 
tree 104, a low-frequoicy radar-like "beep" is heard if the tree does not bear the deared 
fiuit (apple 106 in FIGURE 4). When the proper fiuit is present, a high-pitched radar-like 
beep is miitted. 

10 Embodiments of the invention for diagnostic assessment for Attention Defidt 

Hyperactivity Disorder and Attention Deficit Disorder can also include programming for 
conduction of continuous performance tests that include distractions. For example, as is 
shown in FIGURE S, a fluttering butterfly 1 10 or other moving object such as a hopping 
frog or flyiiig saucer can be genmted in the peripheral region of the video display to 

IS provide a measure of the patient's degree of distractibility. During audio continuous 
performance tests synthesized voice signals such as "Now!" or "Go!" can be generated by 
microprocessor-based unit 10. In atuations in whidi syitthesized voice is beyond the 
capability of the sound generator being used, the microprocessor-based unit 10 can supply 
various distractive sounds or noises. 

20 When the battery of diagnostic assessments is established by a clinician, program 

instructions can be stored in external monory unit 12 (or otherwise provided to a 
microprocessor-based unit) to determine the number of continuous performance tests to 
be performed and the type of each test 0.e., video without distractions; video with 
distractions; audio without distractions; and, audio with distractions). The sequence of 

25 the tests, both with respect to one another and with respect to the previously discussed 
delayed reaction tests, is also determined by the clinician. For each continuous 
performance test, the clinician can select the total numb^ of target and non-target stimuli 
to be presented; the test duration; and the minimum stimulus duration (which is typically 
set at around 100 milliseconds). Diagnostic measures that are recorded in external 

30 memory umt 12 during conduction of continuous performance tests include: the number 
of target stimuli correctiy identified (i.e., captured); the number of target stimuli for \i4iich 
the user Med to react (missed stimuli); the number of non-target stimuli for i^ch there 
was a response; the number of times the button or switch was activated afto* a stimulus 
passed (late hits); and the final interstimulus interval (and/or the minimum interstimulus 

35 interval attained during the test). 

As was described relative to FIGURES 1 and 2, program instructions for 
establishing the diagnostic assessment procedure (e.g., storing suitable program 
instructions in external memory 12) and retrieval of agnals representative of the 
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diagnostic measures gatho^ during diagnostic testing (e.g., acces^ng infonnation stored 
in external memoiy 12) are performed by executing an administrator program with the 
clinician's compute (22 in FIGURE 1; distal signal processing unit 42 in FIGURE 2). 
When the administrator program of the current realizations of the invmtion is executed, a 
5 main menu screen is displayed, allowing the dinidan to select menu items that inchide: 
the opening of a new file ^e., establishing a diagnostic assessment procedure for a new 
patient or subject); opening an existing file; saving a file (storing a diagnostic assessment 
configuration in memoiy of the dinidan's computer); clpang a file; and produdng the 
diagnostic assessm^ procedure (ue.y storing the appropriate program instructions in an 

10 external memory 12 or, altmiativdy, initiating execution of a diagnostic assessment 
procedure with a microprocessor-based unit 10 that is directly connected to the dinidan's 
computer (HGUKE 2). 

The sequence of stqps that is executed when a new file is opened during execution 
of the administrator program is shown in FIGURE 6. As is indicated at block 1 10, the 

IS first step of opening a new file is the display of a "mask,** i.e., a fonn that faicludes empty 
fidds for insertion of information such as the name of the patimt or subject, age, sex, 
grade or educational level, date on which the test is to be performed, name of attending 
physician or dinidan; and the identity of the person establishing the diagnostic assessment 
procedure. 

20 The next step of establishing a new file is indicated at block 1 12 and consists of 

creating the desired diagnostic assessment procedure. In this step, a set-up screen is 
di^layed that allows the dinidan or test administrator to establish a desired battery of the 
previously described audio and visual ddsyed reaction tests and the previously desoibed 
audio and visual continued performance tests (both with and without distractions). The 

25 tests can be sdected in any sequence and, if desired, a particular type of test can be 
repeated without intervening execution of a diflFereht type of test. Further, in the currently 
preferred realizations of the invention, a short training procedure is avaUable for both 
delayed reaction testing and continuous performance testing. In most cases, the clinician 
or admiiustrator will include one or both of the training procedures in the diagnostic 

30 assessment procedure. 

The set-up screen also includes provision for the dinidan or administrator to 
sdect the various previously mentioned delayed reaction test parameters and continuous 
performance test parameters. Specifically, the clinician can select the delay range that will 
determine the upper and lower limits of the random time delay between a warning 

35 stimulus and a trigger stimuhis in the delayed reaction tests and can also set the number of 
trigger stimuli that will occur during each delayed reaction test. With respect to each 
continuous performance test, the set-up screen allows the dinidan to set the duration of 
each test, the percentage of target stimuli (\.e,, the rmx of non-target and target stimuli). 



wo 00/06024 



-21- 



PCT/USW/17399 



10 



the amount by which the interstimiihis interval decreases each time a patient or subject 
captures a target stimuhis; the amount by vdiich the int»stimuhis interval increases v/bm 
the patient misses; and the type of target stimuhis to be used (e.g.. apples, grapes, lemons, 
or oranges). 

Once the diagnostic assessment procedure has been established for a patient or 
subject, the sequence for establisMng a new file cnises the "save," "close," and "produce 
test" sequmces of the administrator program to be enabled Ondicated at Mode 114) and 
disables the "open" and "new" sequences of the administrator program. As is indicated at 
block 1 18 in FIGURE 7, the sequence then returns to the menu screen. Since the "open" 
and "new" sequences have been disabled, those menu items are preferably at least partially 
blanked out or othowise indicated as not being available for selection. 

When the administrator program is initiated, the clinician can select the "open file" 
mffliu item as an ahemative to the "new file" itan. As is indicated in HGURE 7, the 
sequence that is executed when the "open file" menu item is selected begins with the 
15 disphiy with a list of existing files (e.g., patient names or identification numbers), which is 
indicated at blodcl20. Also displayed is an option that allows the dinidan or 
administrator to cancel the sequence for opening a file. If sdected, the option for 
canceling the sequence returns the screen display to a display of the main menu Ondicated 
at block 122). On the other hand, if the dinidan or administrator selects a particular 
20 patient, the information about the patient and the battery of tests and test parameters that 
was recorded during the new file procedure is displayed fmdicated at block 124). As is 
shown at blodc 126, the admiiustrator program then sequences to disable menu items that 
would otherwise aOow the opening of a new or different. The menu item that allows the 
production of a diagnostic test routine (such as the loading of an external memory unit 12 
25 witii program instructions) also is disabled. As is indicated at block 128, menu items for 
saving a file, dosing a file, and for displaying or printing test results that were stored when 
tiie diagnostic assessment procedure for tiiat patient was conducted or Miabled. The 
system then returns to displayii^g the menu vnth the enabled menu items being displayed in 
a manner that distinguishes tiiose menu items from tiie disabled menu items (indicated at 
30 block 130). 

The sequence that is executed vihea the adnunistrator program is used to save a 
patient file is shown in HGURE 8 and begins with a determination of whetiier a "record 
modified" is set (block 132). The record modified flag is a fidd in tiie data record for 
each patient and is set whenever that patient's file is opened and modified by adding new 
35 information, or changing information tiiat was previously entered. If the record modified 
flag is not set, tiie sequence shown in HGURE 8 is terminated and the system display 
returns to tiie selection menu Ondicated at block 134). On tiie otiier hand, if tiie record 
modified flag U set, a detennination is made as to whetiier suffident patiem identification 
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information is induded in the patient file or record bdng processed Ondicated at dedsion 
block 136). In the event of insufBdent identification a warning message is displayed 
(blpdc 138). The sequence for saving the file is cancelled and the display returns to the 
main menu Ondicated at block 140). 

S When sufiSdent patient identification is included in the record being processed, the 

administrator program determines i^^iether the record akeady exists (ded^on block 142). 
As is shown at block 144, an existing file is modified in accordance with information 
included in the file being saved. Next, the record modified flag is deared (blodc 146); and 
the system display is returned to the main menu (block 134). However, if the file bdng 

10 processed does not already exist, a new record is stored in system memory (block 148); 
the record modified flag is cleared (block 146); and the system display is returned to the 
main menu (block 134). 

As is shown in FIGUKE 9, the sequ^ce by which the administrator program 
doses a previously opened patient record begins with a determination of whether the 

IS record modifier flag is set Gndicated at dedsion block ISO). If the record has been 
modified, the clinician or administrator executing the program is prompted to spedfy 
whether the modified record should be saved, discarded, or whether the sequence to close 
the record should be cancded (indicated at block 1S2). As is indicated at block 1S6, if the 
modified record is to be saved, the above-discussed sequence for saving the record is 

20 executed. 

A determination at dedaon block ISO that the record has not been modified 
causes deactivation of the menu items for saving a file or record, dosing a file, and for 
(fisplaying and printing test results. The mem item that allows storage of program 
instructions in an external memory 12 or the alternative administration of a diagnostic 

25 assessment procedure with a miCToprocessor-based unit 10 that is connected to the 
clinician's computer is also disabled (all indicated at blodc 158 in FIGUKE 9). As is 
shown in FIGURE 9, these menu items also are disabled after saving a modified file Q e., 
the completion of the operation indicated at block 156) and, in addition, upon executing 
an instruction to discard a modified record (shown at block 152). As is indicated at 

30 blodc 160, once the spedfied menu items have beoi disabled, the menu items for 
establishing a new file and for opening an existing file are enabled (blodc 160); the record 
is removed firom the display screen (block 162); and the nuun menu is displayed 
(block 164). 

The sequence that is executed during the administrator program to load desired 
35 program instructions into an external memory unit 12 or, alternatively, initiate a diagnostic 
assessment procedure with a microprocessor-based unit 10 that is electrically connected 
to the clinidan*s computer is shown in FIGURE 10. As is indicated at dedaon block 166, 
the sequence begins with a determination of whether a nucroprocessor-based unit 10 is 
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both connected to the clinician's conoputer and is turned on. If a mioDprocessor-based 
unit is both connected and active, the program instructions required to configure the 
microprocessor for the test specified in the currently open patient file are transferred to 
the microprocessor-based unit (block 168). The sequence then remains in a "wait" state 
S until the microprocessor 10 agnals that, the diagnostic test results are available 
(block 170). Once the test results are available and stored in memoiy, the menu items for 
displaying test results and printing test results are oiabled (block 172); the previously 
(fiscussed record modified flag is set (block 174); and the system di^Iay returns to the 
main mem (block 176). 

10 Whoi a microprocessor unit 10 that is dectrically connected with the clinician's 

computer is not turned on (determined at block 166), a determination is made at 
block 178 as to whether an external memory unit 12 is to be loaded with program 
instructions (e.g., whether ah esctemal memory unit 12 is present in receptacle 38 of the 
arrangemmts shown in FIGURES 1 and 2). If an extamal memory unit 12 is not pres^ 

IS a message is displayed indicating that an error condition has been encountered (block 1 82) 
and the administrator program sequences to the main menu screen (block 176). If an 
external memory unit 12 is present, the program instructions for establishing a diagnostic 
assessment procedure for the open patient file are loaded into the external memory unit 12 
for subsequent use by the patient. 

20 Referring to FIGURE 11, the sequence by which the clinician or administrator 

exits the administrator program begins with the determination as to whetha* a patient file 
or record is open (dedsion block 184). If ui open patioit file or record is detected, the 
sequence for closing the file that was discussed relative to FIGURE 9 is executed 
(indicated at block 186). If the sequence for do^ the file is cancelled prior to 

25 completion, the sequence for exiting the administrator program is cancelled and the main 
menu is displayed (indicated at block 188). Successful completion of the sequence for 
closing an open file results in execution of "housekeeping" routines that close the database 
that stores test results and, in addition, perform memory cleanup operations (indicated at 
block 190); and the adnunistrator program is removed firom active memory (indicated at 

30 block 192). 

If no record is open when the exit sequence is executed (determined at block 184), 
the clinidan is prompted to confirm whether an exit fi^om the administrator program is to 
be made (indicated at block 194). If the exit command is verified, the database of test 
results is closed and memoiy cleanup accomplished (block 190), with subsequent exit 
35 fi-om the administrator program (block 192). In the event exit is not to be made, the main 
menu is again displayed (block 188). 

WUle the preferred embodiment of the invention has been illustrated and 
described, it will be q>predated that various changes can be made therein without 
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dq>arting from the spirit and scope of the invention. As previously mentioned, the 
invention can be unbodied in various ways to provide a microprocessor-based unit vntb 
program instructions that cause the microprocessor-based unit to operate in a manner 
suitable for the assessment of various psychological conditions. For example, in assessing 
S and treating habitual smoking or addiction to nicotine, a microprocessor-based unit (e.g., 
video game s}rstm) can be programmed to present a game-like presentation that may or 
may not directly rdate to smoking. Such a unit can be given to a user with instructions to 
"play" the game-like presentation each time the user has an urge to smoke over a 
predetermined period such as three wedcs. At the end of the prescribed period, the 

10 clinician can access the stored information and based on computer assisted analysis of the 
retrieved data can determine the nature, frequency and severity of the user's habit or 
addiction, as well as the motivation or stimulus that triggers an urge to smoke. Based on 
that information, an informed dedsion can be reached as to v^eth^ the user of the system 
(e.g., patient) is likely to respond to behavioral therapy or whether chemical rq)lacOTient 

IS therapy or a combination of the two therapies should be used. Various other addictions 
and behavioral patterns can be assessed in similar fashion. 

As another example of the manner in which the invention can be embodied, a 
series of interactive assessment sessions for conditions such as depression or anxiety can 
be presented via interactive cable television to a wide audience. In such an arrangement, 

20 the patient or sut>ject is enrolled in the sessions by a psychiatrist or other healthcare 
professional. The patient or user tunes the interactive television system to a 
predetermined diannel at a predetennined time and eatm a personal identification code 
via a miCToprocessor-based unit that is connected for recdving and sending signals via the 
interactive television system. Program instructions are then provided to the 

25 microprocessor-based unit via the interactive television system and the patient or user 
responds to various stimuli during the televised diagnostic assessment sectioit As is the 
case with other arrangements of the invention, the televised assessment session can be in a 
game-like format or other presentation that is unobtrusive. Diagnostic information 
gathered during the session can be provided to the clinician in one of the several ways 

30 discussed with respect to FIGURES 1 and 2. By analyzing the diagnostic assessment data 
gathered during the interactive assessment sessions, the psychiatrist or other healthcare 
profesdonal can make a better informed dedsion as to the need for clinical therapy and/or 
medication than can be made based only on traditional clinical sessions. 
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The embodiments of the invention in whidi an exchistve prop^ or privilege is 
daimed are defined as foDows: 

1. A method of assessing a psydiological condition of the human patient 
comprising the method steps of: 

S generating audio signals; 

outputting said audio signals to the patient; 

generating electrical signals accorduig to patimt responses to the ou^nitted audio 

signals; 

responding to the generated electrical signals, wherein said step of responding 
10 further comprises manipulating the audio signals and outputting the manipulated audio 
signals according to the generated dectric signals; and 

assessing the psychological condition of the patient according to the generated 
dectrical signals. 

2. A method of asses^g a psychological condition of the human patioit 
1 5 compriang the method steps of: 

generating video image 

displaying said generated video image signals to the patient; 

generating electrical signals according to patient responses to the displayed video 

signals; 

20 responding to the generated electrical signals, virfierdn said step of responding 

further comprises manipulating the genmited video image and displaying the manipulated 
video image signals according to the generated dectric signals; and 

assessing the psychological condition of the patient according to the generated 
electrical signals. 

2^ 3. A method of assessing a psychological condition of the human patient 

comprising the method steps of: 

generating video image and audio signals; 
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displqring said goierated video image signals and ou^iutdng said audio signals to 
the patient; 

generating electrical signals according to patient responses to the displayed video 
signals and the outputted audio signals; 

responding to the generated electrical signals, wheidn said step of responding 
fiirther comprises manipulating the generated video image and audio signals and 
displaying the manipubted video image signals and outputting the itmnipi.lntfd audio 
signals according to the generated electric signals; and 

assessing the psychological condition of the patient according to the generated 
electrical agnals. 

4. An apparatus for assessing the psychological condition of a human patient 
comprising: 

a patient system for executing a preassigned test and recording patient responses 
to the executed test; and 

a cHnician system connectable in signal communication with said patimt system 
comprising: 

a test setting component for setting at least one test to be executed by the 
patioit system; and 

a test anafysis component for analyzing the patient responses recorded by 
the patient system; 

wherein the at least one test set by the clinician is an animated sequence 
that includes a sequence of delayed reaction tasks, wherein a deUyed reaction task 
includes at least one warning stimulus separated in time from a target stimulus, said at 
least one warning stimulus being generated to alert the patient of generation of the target 
stimulus, but not being intended to stimulate response by the patient, and wherem said 
time separation is changed according to patient responses to Uie warning and target 
stimuli. 
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5. Tte apparatus of Claini4, wherein the patient system and the dinidan 
syston are ronotety located from each other. 

6. The apparatus of daimS, wherein the patient system and the dinidan 
system are connected across a ndwork. 

7. The apparatus of Claim 5, wherein said patient system fiirther comprises 
removable memory for storing the patient responses and the clinician system indudes a 
memory device for reading the removable storage device from the patioit system. 

8. The apparatus ofClaim 4, wherein said test setting comp(mentconq)rises a 
parameter setting component for setting at least one of the following: 

the range of time separation between warning and target stimuli; 

the number of warning stimuli per target stimuli; and 

the sequence of tests. 

9. The apparatus of Claim 4, wherdii Uie warning and target stimuli are audio 
and visual stimuli. 

10. The apparatus of Claim 9, v*erdn said test analysis component performs 
at least one of the following analyses: 

determining tiie patient's reaction times, tiie mean reaction time, the standard 
deviation of reaction times, the difference between audio and video reaction times, or tiie 
degree of distractibility witii varied audio and video distractions. 

11. An apparatus for assessing tiie psychological condition of a human patient 
conqiiising: 

a patient system for executing a pre-assigned test and recording patiem responses 
to the executed test; and 
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a dimdan system comprising a test siting component for setting at least one test 
to be executed by the patient systm, and a test analysis component for analyzing the 
patient responses recorded by the patient systan; 

wh^ein the at least one test set by the clinidan is ah animated sequence 
5 that inchides a sequence of continuous performance tasks, wherein a continuous 
performance task includes two or more target stimuli separated in time, said taiget stimuli 
bemg generated to stimulate response by the patient, and wherein said time period 
b^em target stimuli is dianged according to patient responses to the target stimuli 

12. The apparatus of Cldm 11, wherein the patient ^stem and the clinician 
10 systm are remotely located from each other. 

13. The apparatus of Claim 12, herein the clinician system and the patient 
system are connected by a network connection. 

14. The apparatus of Claim 12, wherdn said patient system further comprises 
ronovable memory for storing the patient responses and the clinician system inchides a 

1 S memory device for reading the removable storage device from the patient system. 

15. The apparatus of Claim 1 1, wherein said test setting componoit comprises 
a parameter setting component for setting at least one of the following: 

the range of time separation between target stimuli; 
the amount of non-target stimuli intmpersed amongst the target stimuli; and 
20 the sequence of tests. 

16. The apparatus of Claim 15, wherein the target and non-target stimuli are 
audio and visual stimuli. 

17. The apparatus of Claim 16, wherein said test analysis component performs 
at least one of the following analyses: 
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detennining the mimber of target stimuli correctly identified, the number of target 
stimuli that the patiait Med to respond to, the number of non-target stimuli that caused a 
response by the patient, the number of responses greater than a predetermined time afi^ 
the target stimuli, the final time sq)aration between targ^ stimuli, and the minimum time 
separation between targ^ stimuli that was attained during execution of the test 

18. A method of assessing the psycholo^cal condition of a human patient 
comprising the method steps of: 

providing a patient system for executing a preassigned test and recording patient 
responses to the executed test; and 

providing a clinidan ^stem comprising a test setting component for setting at 
least one test to b6 executed by the patient system, and a test analysis component for 
analyzing the patient responses recorded by the patient system; 

wherein the at least one test set by the dinidan is an animated sequence 
that inchides a sequence of debyed reaction tasks, v^*ercin a delayed reaction task 
includes at least one warning stimuhis separated in time from a target stimuhis, said at 
least one wammg stimulus bring generated to alert tte patient of generation of the target 
stimulus, but not being intended to stimulate response by the patient, and wherein said 
time separation is changed according to patient responses to the wammg and target 
stimuli. 

19. A metiiod for assessing the psychological condition of a human patient 
comprising the method steps of: 

providing a patient systan for executing a pre-assigned test and recording patient 
responses to the executed test; and 

providing a clinidan system comprising a test setting component for setting at 
least one test to be executed by the patient system, and a test analysis component for 
analyzing the patient responses recorded by the patient system; 
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wherem the at least one test set by the clinician is an animated sequence 
that inchides a sequence of continuous performance tasks, wherein a continuous 
perfonnance task inchides two or more target stimuU separated in time, said target stimuli 
being generated to stimulate response by the patient, and wherein said time period 
between target stimuU is changed according to patient responses to the target stimuli. 

20. A method of assessing the psychological condition of a human patient 
comprising: 

setting at least one test to be executed apatieot; 
executing the at least one set test; 
recording patient responses to the executed test; 
analyzing the recorded patient responses; and 

wherein the at least one set test is an animated sequence that inchides a sequence 
of delayed reaction tasks, wherein a delayed reaction task inchides at least one warning 

sthnulus separated in tune from a target stimuhis, said at least one wariiing stinnihM 
generated to aleit the patient of generation of the target stimulus, but not being intended 
to stimuhtte response by the patient, and wherein said time separation is changed 
according to said recorded patient responses to the warning and target stimuH. 

21. A method for assessing the psychological condition of a human patient 
comprising: 

siting at least one test to be executed by a patient; 
executing the at least one set test; 
recording patioit responses to the execut^ test; 
analyzing the recorded patient responses; and 

wherein the at least one test set by the clinician is an animated sequence that 
includes a sequence of continuous performance tasks, wherein a cominuous performance 
task includes two or more target stimuli separated in time, said target stimuU being 
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genmted to stimulate response by the patient, and whwein s^d time period between 
target stimuli is changed according to patient responses to the target stimuli. 
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